conjugate (PAMAM-Cy5) was prepared as described previously. 1 Purified deionized water was prepared using a Milli-Q Plus system (Millipore Co., Billerica, MA, USA). 1 H NMR spectra were recorded on a Bruker AV 400 NMR spectrometer in CDCl 3 and DMSO-d 6 , with tetramethylsilane (TMS) as the internal standard. FT-IR spectroscopy was performed using a Perkin Elmer Spectrum Two FT-IR spectrometer equipped with a universal ATR sampling accessory (resolution: 4 cm −1 ).
The generation of microfluidic droplets was observed using an inverted microscope equipped with a digital camera (Orca Flash 4.0, Hamamatsu, Japan). Fluorescent images were captured using a Nikon Eclipse TE2000-U inverted microscope (Nikon, Tokyo, Japan).
Synthesis of F127-NH 2
Amine-terminated F127 (F127-NH 2 ) was obtained by mesylation of F127 in dichloromethane, with subsequent ammonolysis in ammonium hydroxide (Scheme 1a). First, F127 (151.445 g, 12.02 mmol) was added into a flask and heated to 120 °C for 4 h to remove water. After cooldown, 500 mL of anhydrous dichloromethane was added to dissolve the dried F127. Then, triethylamine (20.0 mL, 143.49 mmol) and methanesulfonyl chloride (20.0 mL, 258.4 mmol) were added under nitrogen protection. After stirring at room temperature for 3 days, the mixture was washed with saturated sodium chloride solution five times, precipitated into an excess of cold diethyl ether three times, and dried in a vacuum oven to afford a white solid. The resulting mesylated F127 was dissolved in ammonium hydroxide and stirred for 3 days, after which the mixture was extracted with dichloromethane several times. The combined organic layers were subsequently washed with saturated sodium chloride solution, dried over anhydrous magnesium sulfate, filtered, concentrated by rotary evaporation, precipitated thrice in cold diethyl ether, and dried in vacuum oven to obtain the final product. Yield: 75%. 
Synthesis of F127-COOH and F127-NHS

Synthesis
Synthesis of F127-MAL
Maleimide-terminated F127 (F127-MAL) was prepared by acyl-chlorination of 6maleimidohexanoic acid into 6-maleimidohexanoic acyl chloride, followed by direct reaction with F127, to form the covalent conjugation (Scheme 1c).
For the first step, 6-maleimidohexanoic acyl chloride was synthesized as previously described with minor modifications. 2 Briefly, 6-maleimidohexanoic acid (500 mg, 2.37 mmol) and thionyl chloride (3.4 mL, 46.8 mmol) were added into a heat-dried flask under a dry nitrogen atmosphere.
The reaction was maintained at 60 °C for 48 h. After that, the redundant thionyl chloride was removed under vacuum and the resulting yellow crude product was used without further purification.
For the second step, F127 was reacted with 6-maleimidohexanoic acyl chloride in anhydrous dichloromethane in the presence of triethylamine. Specifically, F127 (2.1945 g, 0.174 mmol) was added into a flask and heated to 120 °C for 4 h to remove water. After cool-down, 10 mL of anhydrous dichloromethane was added to dissolve the dried F127. Then, 6-maleimidohexanoic acyl chloride obtained from the first step was dissolved in 10 mL of anhydrous dichloromethane and introduced into the F127 solution, followed by the addition of triethylamine (97.1 μL, 0.696 mmol). The reaction mixture was stirred at room temperature for 24 h, and the solvent was concentrated by rotary evaporation. Finally, the product was purified by precipitation in cold diethyl ether five times and dried under vacuum. Yield: 69%.
Synthesis of F127-Biotin
First, biotin N-succinimidyl ester (Biotin-NHS) was synthesized according to previously published methods, [3] [4] [5] reduced pressure, and the residue was precipitated with an excess of cold diethyl ether. The resulting precipitate was recrystallized from isopropanol to yield a white powder.
For the synthesis of biotinylated F127 (F127-Biotin), Biotin-NHS (7.80 g, 22.85 mmol) and F127-NH 2 (36.0 g, 2.86 mmol) were dissolved in anhydrous DMF (450 mL), and the reaction mixture was stirred at room temperature for 24 h. After the solvent was concentrated under reduced pressure, the residue was precipitated in cold diethyl ether. The resulting product was subsequently dissolved in DMF, dialyzed against DMF for 2 d, and then against water for another 2 d. The final product was obtained in the form of a white power after lyophilization of the dialyzed solution.
Yield: 78%. 
Preparation of FITC-labeled BSA
Cell culture
Human umbilical cord blood-derived endothelial progenitor cells (EPCs) were derived as previously described. 7 The collection and usage of human blood for this study were performed according to the protocol that was previously approved by the Duke University Institutional 
Cytotoxicity assay
The The cytotoxicities of HFE-7500, single emulsion and double emulsion droplets were also determined using the procedures described above.
Fabrication of microfluidic devices
Microfluidic chips were fabricated using slightly modified versions of the photo-and softlithography techniques described in our previously published work. [8] [9] Briefly, the cross-channel microfluidic patterns were designed using AutoCAD (Autodesk) and printed out as transparent photomasks. The patterned mold was fabricated by depositing negative photoresist (SU-8 3000,
MicroChem, Westborough, MA) onto a silicon wafer, based on the manufacturer's photolithography protocol. The microfluidic devices were prepared by soft-lithography with PDMS, followed by bondage to glass slides after oxygen plasma treatment. A similar hydrophilic coating procedure was performed, as described by Schneider et al, 10 to create a hydrophilic surface along the walls of the microchannels. In particular, the anionic acrylic acid used in the reported method was replaced by a neutral monomer, poly(ethylene glycol) methyl ether acrylate.
Single emulsion (SE) droplet generation
Oil-in-water (O/W) single emulsion droplets were prepared in the flow-focusing microfluidic device with hydrophilic channels (Figures 1A and S7A) . wt% F127-Biotin. The flow rates of the oil and water phases were 5 and 15 μL min -1 , respectively.
Double emulsion (DE) droplet generation
A setup of two stand-alone chips was used to prepare DE droplets. 8, 11 The water-in-oil (W/O) droplets were first generated in a hydrophobic chip and subsequently flowed through a hydrophilic Biotin. The flow rates of the inner, middle and outer phases were 2, 3 and 14 μL min -1 , respectively.
Surface modification of droplets
In general, the SE and DE droplets were collected in 1.5 mL Eppendorf tubes pre-filled with 1.0 mL water, and washed 6 times with water to remove any free surfactant. Briefly, after the emulsion droplets sank to the bottom, as much of the supernatant as possible was removed (the liquid level must be higher than the droplets) without disturbing the settled droplets, and then the same volume of water was slowly added to the tube, constituting the first wash. This step was repeated five more times. All of the modification procedures were performed in a 24-well tissue culture plate. Droplets stabilized with unmodified F127 served as a control group for the various modifications. Detailed procedures were described.
F127-NH 2
The negatively charged protein BSA (isoelectric point: ~4.7) was used as a model for surface coating on the positively charged surface of droplets. The amine-functionalized droplets were transferred to an aqueous solution of BSA-FITC (50 μg mL -1 ) and allowed to sit for 30 min, followed by thorough washing with water and examination under a fluorescence microscope.
F127-COOH
The cationic PAMAM dendrimer was used as a model for surface coating on the anionic surface of droplets. After free surfactant was removed, the carboxyl-functionalized droplets were incubated with PAMAM-Cy5 (2 μg mL -1 ) for 1 h and washed with water before imaging.
F127-NHS
DOX with a primary amine was used as a model molecule to test the reactivity of the NHSactivated droplet surface. The droplets with reactive NHS ester were incubated with DOX solution (0.2 mg mL -1 , phosphate buffer, 10 mM, pH 7.4) for 3 h. Images were captured with a fluorescence microscope after removal of free DOX by washing.
F127-MAL
SAMSA fluorescein, with a protected thiol group, was used as a model molecule for surface modification of droplets via thiol-maleimide click reaction. SAMSA fluorescein was activated by following the reported procedures. 12, 13 Briefly, SAMSA (2.0 mg) was dissolved in 0. Scheme S1. Activation of SAMSA-fluorescein by treatment with NaOH solution.
Next, the maleimide-functionalized droplets were incubated with the activated SAMSA fluorescein (SAMSA-SH, 0.2 mg mL -1 ) at room temperature for 2 h. After repeated washing to remove free fluorescent molecules, the droplets were imaged through a fluorescence microscope.
F127-Biotin
The biotin-functionalized droplets were added to an aqueous solution of NeutrAvidin-Texas Red (2 μg mL -1 , 10 mM phosphate buffer, pH 7.4). After incubation at room temperature for 30 min, the droplets were repeatedly washed to remove free NeutrAvidin. Then, the droplets were imaged under a fluorescence microscope.
F127-NHS and F127-MAL
The NHS and MAL surface-functionalized droplets were cultured with DOX (0.2 mg mL -1 ) and
SAMSA-SH (0.2 mg mL -1 ) in phosphate buffer solution (10 mM, pH 7.4) for 3 h. The droplets were analyzed by fluorescence microscopy after the removal of free dyes through washing.
F127-MAL and F127-Biotin
The Biotin and MAL surface-functionalized droplets were mixed with SAMSA-SH (0.2 mg mL -1 )
and NeutrAvidin-Texas Red (2 μg mL -1 ) in phosphate buffer (10 mM, pH 7.4). After 2 h of incubation at room temperature, the droplets were washed and imaged under a fluorescence microscope.
Stability of the functionalized droplets
For SE droplet preparation, the flow rates of the oil and water phases were 5 and 15 μL min -1 , respectively. For DE droplet preparation, the flow rates of the inner, middle and outer phases were 
